Statins are widely prescribed, effective cholesterol-lowering drugs. Indeed, atorvastatin and simvastatin were the most commonly prescribed drugs in the United States in 2004, with over 70 million prescriptions written for atorvastatin alone ( 1 ) . The statins are pleiotropic agents, and, after an early study of patients with coronary heart disease showed a lower than expected incidence of cancers ( 2 ) , preclinical studies were carried out that have supported the potential anticancer activity of these compounds ( 3 , 4 ) . However, clinical reports on the relationship between statin use and breast cancer risk have yielded mixed results, with no association ( 5 , 6 ) and both positive ( 7 , 8 ) and negative ( 9 ) associations being observed. Prior observational studies have not evaluated the statin -breast cancer link by statin potency or category (i.e., hydrophobic versus not). Because breast cancer is the most frequent cancer in U.S. women, any link between statin use and breast cancer risk would have major public health implications.
The objective of the current study was to examine the associations between the potency, duration, and type of statin used and invasive breast cancer risk among women enrolled in the Women's Health Initiative (WHI). A secondary objective was to assess the association between use of other lipid-lowering agents and breast cancer.
S UBJECTS AND M ETHODS

Study Population
The WHI includes an observational study ( n = 93 676) and clinical trials ( n = 68 132) of hormone therapy, dietary modifi cation, and/or calcium and vitamin D supplementation in postmenopausal women of many races and ethnicities. Recruitment to the WHI was conducted between October 1, 1993, and December 31, 1998 , at 40 clinical centers in the United States. Women were eligible if they were aged 50 -79 years, were postmenopausal, planned to remain in the area where they lived at recruitment , and had an estimated survival of at least 3 years. Study methods have been described in detail elsewhere ( 10 ) . This analysis included women enrolled in the observational study and clinical trial components of the WHI, excluding those who had previously been diagnosed with breast cancer or who had used tamoxifen or any selective estrogen receptor modulator. The fi nal sample included 88 322 women enrolled in the observational study and 68 029 women enrolled in the clinical trials (156 351 women total).
All participants signed informed consent forms. All protocols and procedures were approved by institutional review boards at participating institutions. Follow-up for this report is through February 2004, for a mean ± SD of 6.7 ± 1.5 years.
Statin Exposure
Participants were asked to bring all current prescription medications to their fi rst screening interview. Clinic interviewers entered each medication name directly from the containers into the WHI database, which assigned drug codes using Medispan software (First DataBank, Inc., San Bruno, CA). Women reported duration of use for each current medication. Information on dose was not recorded. Current medication use was updated at the year 3 clinic visit with identical methods.
Current statin use was defi ned as use of any 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitor. Statins were further classifi ed as hydrophobic (lovastatin, simvastatin, and fl uvastatin) or other (pravastatin and atorvastatin) and by potency: low (fl uvastatin and lovastatin), medium (pravastatin), and high (simvastatin and atorvastatin) ( 11 ) . Other lipidlowering medications included fi brate, colestipol, probucol, cholestyramine, niacin, and nicotinic acid.
Breast Cancer Screening and Diagnosis
Medical history was updated annually (in the observational study) or semiannually (in the clinical trials) by mail and/or telephone questionnaires. For women in the clinical trial components of the WHI, the frequency of clinical breast examination and mammography was protocol defi ned (annually for women in the hormone trials and biennially for women in the dietary trial). Clinical breast examination and mammography were not protocol defi ned for women in the observational study. Data on the frequency of clinical breast examination and mammography were collected annually from all participants.
Self-report of breast cancer was locally verifi ed at each clinic by medical record and pathology report review by centrally trained WHI physician adjudicators. Central adjudication and coding of histology, extent of disease, and estrogen receptor (ER) and progesterone receptor (PR) status (positive or negative per pathology report) were performed at the Clinical Coordinating Center using the Surveillance, Epidemiology, and End Results Program (SEER) coding system ( 12 , 13 ) . Only invasive breast cancer cases confi rmed by adjudication were included in the analysis (4383 cases). Information on ER status was available for 3793 invasive breast cancer cases.
Covariates
Information on all covariates was collected at study entry . Current and previous use of menopausal hormone therapy and oral contraceptives were ascertained by interview using a detailed questionnaire that included type, route of administration, number of pills per day or week, and duration of use for each hormonal preparation ever taken. Hormone therapy users were defi ned as those who used estrogen (with or without progestin) after menopause for at least 3 months.
Baseline questionnaires ascertained information on race or ethnicity (white, black, Hispanic, American Indian, Asian/Pacifi c Islander, or unknown), history of physician-diagnosed diabetes (yes/no), high serum cholesterol level that required treatment with pills (yes/no), history of myocardial infarction or angina (yes/no), history of benign breast disease (yes/no), educational level (<high school, high school diploma/GED, or >high school diploma/GED), family history of female breast cancer (yes/no), hysterectomy and oophorectomy status (yes/no), ages at menarche ( ≤ 11, 12 -13, or ≥ 14 years) and fi rst birth (never pregnant, no term pregnancy, or <20, 20 -29, or ≥ 30 years), parity (none, 1 -2, or ≥ 3), use of nonsteroidal anti-infl ammatory drugs (NSAIDs) or aspirin (yes/no), current and past smoking status , and time (minutes per week) spent in mild, moderate, or strenuous physical activity (none, 10 -<115, or 115 -≥ 250 minutes/week). Alcohol consumption (none/past drinker, <1 drink/week, or ≥ 1 drink/ week) and percentage of calories from fat ( ≥ 30% versus <30% of calories from fat) were estimated from a food-frequency questionnaire ( 14 ) . Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. The Gail 5-year breast cancer risk estimate was calculated. A woman was considered at high risk if her Gail score was >1.7% ( 15 ) .
Statistical Methods
The characteristics of statin users at baseline were compared with those of nonusers by chi-square or Fisher exact tests (for categorical variables) or two-sample t tests (for continuous variables). Incidence rates of breast cancer per 1000 person-years were calculated according to the use of statins and other lipidlowering agents. An a priori plan of analysis specifi ed that we perform selected subgroup analyses by statin use duration (<1 year, 1 -<3 years, and ≥ 3 years), potency, and hydrophobic status. Women who reported using two or more statins were included in analyses that compared statin use to none but were excluded from analyses that examined details of statin use (i.e., by potency or type). Separate analyses were conducted for women with ER-positive and ER-negative breast cancer. Hazard ratios (HRs) for breast cancer among statin users versus nonusers and 95% con fi dence intervals (CIs) were computed from Cox proportional hazards analyses. Tests for the proportional hazards assumptions were conducted by a Cox model that included statin use and the interaction of statin use with follow-up time and testing for a zero coeffi cient on the interaction term. Results of these analyses showed that the assumptions were not violated.
All models were adjusted for assignment to active hormone or placebo in the two WHI hormone trials (estrogen plus progestin and estrogen alone), assignment to intervention or control in the dietary modifi cation trial, or enrollment in the observational study. We also adjusted for prior hormone use at baseline (none, prior estrogen alone, prior estrogen plus progestin, or prior use of both estrogen alone and estrogen plus progestin) . These adjustments resulted in what we refer to as the base model. The base model was further adjusted by age; these age-adjusted base models included 155 530 women. To control for potential confounding factors, we used multivariable Cox proportional hazards analyses with a forced-entry approach for variable selection. In addition to the variables in the age-and base factor -adjusted * P -values from chi-square tests comparing statin users to nonusers are <.001 for all characteristics except as indicated. HT = hormone therapy; NSAID = nonsteroidal anti-infl ammatory drug; WHI = Women's Health Initiative.
† P values for comparison are not statistically signifi cant. models, the multivariable models were adjusted for race and ethnicity, BMI, physical activity, current and past smoking, family history of breast cancer, hysterectomy status, mammogram in the past 2 years, educational level, ages at menarche and fi rst birth, parity, alcohol consumption, and percentage of calories from fat. Multivariable models were based on the 115 683 individuals remaining after the exclusion of participants with missing values for any of the covariates. To evaluate the effects on the results of change in statin use over time, fi nal models were rerun by entering statin use as a time-dependent exposure and using updated information on statin use gathered at the year 3 clinic visit. We examined the risk for breast cancer by statin use separately in users of estrogen plus progestin, users of estrogen alone, and never/past users of hormone therapy.
Comparisons of breast cancer tumor characteristics between statin users and nonusers were based on chi-square tests, twosample t tests, or Brown -Mood tests of medians. All analyses were conducted using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC). All statistical tests were two-sided.
R ESULTS
In this cohort of 156 351 women, 11 710 (7.5%) were statin users ( Table 1 ) . Women using statins at baseline were older at enrollment than nonusers (65.6 and 63.0 years, respectively) and had a higher BMI (mean 28.9 and 27.9 kg/m 2 , respectively). Statin users were less likely than nonusers to have more than a high school education, to drink alcohol, to be physically active, to have used hormone therapy, and to report that they obtained ≥ 30% calories from fat. Statin users were more likely than nonusers to have smoked, to have had a hysterectomy or bilateral oophorectomy, and to report use of NSAIDs and aspirin. A higher proportion of statin users reported having had a mammogram in the past 2 years, although ≥ 80% of both users and nonusers had had a mammogram in the past 2 years. A higher proportion of statin users than nonusers were considered at high risk of breast cancer, i.e., to have a Gail 5-year breast cancer risk of >1.7%. Of the 2162 women who reported using nonstatin lipid-lowering agents, 288 women reported also using a statin. Although most of the absolute differences between statin users and nonusers were small, many were statistically signifi cant because of the large number of women in the cohort.
Of the 11 710 statin users, 4591 (39.2%) used a low-potency statin, 2645 (22.6%) used a medium-potency statin, and 4438
women (82% of the cohort). Among cohort members who used statins at baseline, 8274 women (82.5%) were still using a statin at the year 3 clinic visit; among those who did not use statins at baseline, 11 583 women newly reported taking a statin at the year 3 visit.
During a total of 1 041 518 person years (PY) of observation, 4383 women were diagnosed with invasive breast cancer. The incidence of breast cancer was approximately 4.4% lower among women reporting statin use (4.09 per 1000 PY) than among nonusers (4.28 per 1000 PY). In the age-adjusted base model, the relative risk of breast cancer was 8% lower among statin users than among nonusers (HR = 0.92, 95% CI = 0.82 to 1.03) ( Table 3 ). In the full multivariable-adjusted model, breast cancer incidence was approximately 9% lower in statin users than in non-users (HR = 0.91, 95% CI = 0.80 to 1.05, P = .20).
Examination of the relative risk of breast cancer by duration of statin use ( Table 3 ) revealed no consistent trend. Short-term use (<1 year) was associated with a non -statistically signifi cant 20% reduction in invasive breast cancer, whereas use for 1 to 3 years and for more than 3 years was not associated with the risk of breast cancer.
We also examined breast cancer risk by statin potency and category ( Table 3 ). Use of low-and high-potency statins was associated with non -statistically signifi cant reductions in breast cancer incidence (of 15% and 17%, respectively), but use of medium-potency statins showed no such association. Use of hydrophobic statins was associated with a statistically signifi cant 18% reduction in risk of * PY = person-year; HR = hazard ratio; CI = confi dence interval. † Age-adjusted base model was further adjusted for body mass index, race, smoking, family history of breast cancer, education, hysterectomy, mammogram in the last 2 years, age at menarche, parity/age at fi rst birth, alcohol use, percentage of calories from fat, physical activity, and nonsteroidal anti-infl ammatory drug use.
‡ Information on specifi c statin use was available for 296 of the 297 statin users with breast cancer. § Hydrophobic statins are simvastatin, lovastatin, and fl uvastatin; others are pravastatin and atorvastatin. || Low-potency statins are lovastatin and fl uvastatin, the medium-potency statin is pravastatin, and the high-potency statins are simvastatin and atorvastatin. breast cancer (HR = 0.82, 95% CI = 0.70 to 0.97, P = .02), whereas use of other statins was not associated with breast cancer incidence (HR = 1.14, 95% CI = 0.92 to 1.42, P = .24).
To test for possible interactions between statin use and postmenopausal hormone use, we examined the association between statin use and breast cancer separately in women who used estrogen plus progestin, those who used estrogen alone, and never/past users of hormones ( Table 4 ) . Statin use was not associated with breast cancer risk among users of estrogen plus progestin or among never/past hormone users ( Table 4 ). Among users of estrogen alone, statin use was associated with a non -statistically signifi cant 22% reduction in the risk of breast cancer ( P for the interaction between hormone use and statin use = .09). The multivariableadjusted hazard ratio for ER-positive breast cancer among statin users compared with non-users was 0.97 (95% CI = 0.83 to 1.13), and that for ER-negative breast cancer was 0.83 (95% CI = 0.55 to 1.25). The breast cancers in statin users and nonusers were similar in size, number of positive lymph nodes, SEER stage, histology, tumor grade, and ER and PR status ( Table 5 ) .
Finally, we analyzed breast cancer risk according to the use of lipid-lowering agents other than statins. The incidence of breast cancer in users of such agents (4.04 per 10 000 PY) was 5.4% lower than that in non-users (4.27 per 1000 PY), but the difference was not statistically signifi cant in the multivariable model (HR = 0.88, 95% CI = 0.64 to 1.19, P = .41).
D ISCUSSION
The current report is the largest cohort study, to our knowledge, to evaluate statin use and invasive breast cancer in terms of the number of incident breast cancers. We studied 156 361 women, who were followed for 1 041 518 person-years, and 4383 incident breast cancers. The full multivariable model used in the analysis adjusted for a comprehensive set of breast cancer risk factors, including age, race, BMI, family history of breast cancer, alcohol consumption, physical activity, mammography utilization, past and current menopausal hormone therapy, smoking, percentage of calories from fat, educational level, NSAID use, and reproductive history. When we considered statins as a class, we found no association between statin use and breast cancer risk. Although the relative risk of breast cancer was approximately 9% lower among statin users than among nonusers, the difference was not statistically signifi cant. Breast cancer incidence was also not associated with duration of statin use or statin potency. There was an interaction between statin use and hormone therapy that was of borderline statistical signifi cance: current users of both estrogen alone and a statin had a somewhat lower risk of breast cancer than women who had never used a statin. This interaction was not observed among users of estrogen plus progestin, however, and these results also confl ict with results from the Nurses' Health Study ( 5 ) . Finally, women using hydrophobic statins (simvastatin, lovastatin, or fl uvastatin) had an 18% lower breast cancer incidence than nonstatin users ( P = .02).
Previous reports on statin use and breast cancer risk, which include both randomized trials of subjects with coronary heart disease and risk factors for coronary heart disease ( 2 , 8 , 16 -21 ) and observational studies ( 5 -7 , 9 , 22 -27 ) , have provided mixed results. For example, in two randomized trials of pravastatin in older people at risk of vascular disease , a nonhydrophobic statin, more breast cancers were seen in the statin group. In one of these studies, the Cholesterol and Recurrent Events (CARE) study, one woman of 291 in the placebo group and 12 women of 291 in the pravastatin group developed breast cancer ( P = .002) ( 8 ) . Of the 12 breast cancers, however, three occurred in women who previously had breast cancer and one occurred in a woman who took pravastatin for only 6 weeks. In the second of these trials of pravastatin, more breast cancers were diagnosed in women taking pravastatin than in women taking placebo (HR = 1.65, 95% CI = 0.78 to 3.49), but the difference was not statistically significant ( 19 ) . In contrast, the Long Term Intervention with Pravastatin in Chronic Disease (LIPID) trial, with 1516 women randomly assigned to pravastatin or placebo, found no increase in breast cancer with pravastatin use ( 17 ) . The Heart Protection study found slightly fewer breast cancers among women randomly assigned to the hydrophobic statin simvastatin than among those assigned to placebo, but the difference was not statistically signifi cant ( 18 ) . Other randomized trials of simvastatin ( 21 ) or pravastatin ( 20 ) found no association with breast cancer risk. In a recent meta-analysis of 90 056 participants in 14 randomized trials of statins, statin users did not have an increase in risk of cancer death or cancer incidence, including breast cancer ( 28 ) .
Among the observational studies, an increase in breast cancer incidence for statin users has been observed in some case -control studies ( 4 , 21 ) , especially for short-term users of statins and past long-term users of hormone therapy ( 7 ) . However, neither a large case -control study from the General Practice Research Database, an automated data source containing drug prescription and medical information on more than 3 million people in the United Kingdom ( 24 ) , nor three other large cohort studies ( 5 , 6 , 26 ) found an association between statin use and breast cancer. In a large case -control study of nearly 1000 women with breast cancer identifi ed from the * If a woman had been randomly assigned to the estrogen plus progestin (E + P) group or reported active use of estrogen plus progestin at baseline, she was considered an estrogen plus progestin user. If a woman was randomly assigned to the active estrogen (E)-alone group or reported estrogen-alone use at baseline, she was considered in the estrogen-alone group. Women randomly assigned to placebo groups and women who reported past or never use at baseline were considered never/past users.
† Rate given per 1000 person-years. ‡ HR = hazard ratio; CI = confi dence interval. Downloaded from https://academic.oup.com/jnci/article-abstract/98/10/700/2521587 by guest on 23 January 2019
Cancer Surveillance System, a population-based tumor registry that serves 13 counties in western Washington State, no overall association of statins with breast cancer incidence was seen, but women who had used statins for more than 5 years had an approximately 30% lower breast cancer incidence than never users ( 25 ) . A statistically signifi cantly decrease in breast cancer incidence in statin users has been seen in only two ( 9 , 27 ) of eight cohort studies. However, the number of breast cancers in one of these reports was small ( 9 ) , and limited information on breast cancer risk factors was provided in the second report, which was an abstract ( 27 ) .
Our results, taken together with the existing literature, indicate that breast cancer risk is at least not increased in statin users. Whether or not statin use is associated with reduced breast cancer risk is less certain. In the current study, after adjustment for breast cancer risk factors, statin users had a somewhat lower breast cancer incidence than nonusers. However, the differences were statistically signifi cant only in women who reported using hydrophobic statins. This observation is consistent with a cell culture study in which only hydrophobic statins (lovastatin, simvastatin, and fl uvastatin) but not a hydrophilic statin (pravastatin) had anticancer activity ( 29 ) . Pravastatin may promote the development of cancer by causing an induction of mevalonate synthesis in extrahepatic tissues ( 30 ) , an effect that is not observed with other statins. This increase in mevalonate appears to promote the growth of breast cancer cells ( 30 ) . In the randomized trials of statins, an increase in breast cancer was observed only in the two trials of pravastatin ( 8 , 19 ) . Moreover, in the cohort study that reported a 72% lower risk of breast cancer among statin users, the majority of these users (247 of 284) used a hydrophobic statin ( 9 ) . Thus, the inconsistency in previous results may refl ect differences in the association with specifi c statins.
Considering all other nonstatin lipid-lowering medications together, we found no statistically signifi cant association between their use and breast cancer risk. However, because the multivariable-adjusted relative risk of breast cancer was 12% lower among users of these other agents than among nonusers and because one previous cohort study also reported a statistically signifi cantly lower breast cancer risk among users of other lipid-lowering agents than among nonusers ( 9 ) , further study of the infl uence of individual lipid-lowering agents on breast cancer incidence may be warranted.
Strengths of this study include the prospective design; inclusion of a large, racially diverse sample of well-characterized women; collection of detailed information on a comprehensive range of breast cancer risk factors; complete follow-up for breast cancer outcomes; regular assessment of mammography use; blinded adjudication of breast cancers via pathology report review; description of breast cancer histologic characteristics and hormone receptor status; and the ability to examine associations by statin category. The limitations of this study include its observational design. Although we adjusted for many factors that could confound the association between statin use and breast cancer, there may be residual confounding by unmeasured factors. Indeed, a recent comparison of observational study and randomized clinical trial results, with respect to fi ndings regarding postmenopausal hormone use and coronary heart disease, showed that the discrepancy in fi ndings can be substantially explained by confounding ( 31 ) . Study limitations also include the relatively low prevalence of statin use, lack of information on dose, and limited power to examine long-term (>5 years) effects.
In conclusion, in this large population of postmenopausal women with well-characterized breast cancer risk factors, when all statins were considered together as a class, no statistically signifi cant association with breast cancer incidence was seen. However, use of hydrophobic statins was associated with statistically signifi cantly lower breast cancer incidence, a fi nding that warrants further evaluation. Future studies of statins and breast cancer should assess associations with individual statins or statin categories because class differences may exist.
